I The frontal cortex has been described as playing both "setspeciªc" and "code-speciªc" roles in human memory processing. Set speciªcity refers to the ªnding of goal-oriented differences in activation patterns (e.g., encoding relative to retrieval). Code speciªcity refers to the ªnding of different patterns of activation for different types of stimuli (e.g., verbal/nonverbal). Using a two (code: verbal, nonverbal) by two (set: encoding, retrieval) within-subjects design and fMRI, we explored the inºuence of type of code and mental set in two regions in the frontal cortex that have been previously shown to be involved in memory. A region in the dorsal extent of the inferior frontal gyrus (BA 6/44) demonstrated code-speciªc effects. Speciªcally, an interaction of material type with hemisphere was obtained, such that words produced predominantly left-lateralized activation, whereas unfamiliar faces elicited predominantly right-lateralized activation. A region of the right frontal polar cortex (in or near BA 10), which has been activated in many memory retrieval studies, showed set-speciªc activation in that it was more active during retrieval than encoding. These data demonstrate that distinct regions in the frontal cortex contribute in systematic yet different ways to human memory processing. I
INTRODUCTION
Recent neuroimaging studies have drawn increasing attention to the idea that frontal cortical areas may contribute to human memory; however, the nature of the contributions of these areas is incompletely understood (see Buckner, 1996; Cabeza & Nyberg, 1997; Desgranges, Baron, & Eustache, 1998; Fletcher, Frith, & Rugg, 1997 , for reviews). The goal of understanding how the frontal cortex contributes to memory is elusive at least in part because the frontal lobes represent a broad subdivision of the cortex, which comprises a set of heterogeneous areas that may not link to memory processes in any simple manner.
An examination of the patterns of activations reported across the literature suggests that there may be both code-and set-speciªc effects in the frontal cortex; further, these effects appear to occur in distinct frontal regions. The verbal/nonverbal nature of the materials being processed (and by inference the verbal/nonverbal nature of the codes subjects invoke for processing) seems to drive the laterality of activation in at least one region of the frontal cortex: the inferior frontal gyrus at or near the boundary of BA 6/44. Hence, we can think of this region as exhibiting code speciªcity. Another region, more anteriorly placed, seems to exhibit sensitivity to whether or not subjects are attempting to retrieve previous experiences (i.e., their mental set). The primary goal of the present experiment was to determine whether both code-speciªc (verbal/nonverbal) and setspeciªc (encoding/retrieval) activation patterns would be manifested in distinct regions of the frontal cortex, within a single group of subjects.
Code Speciªcity: Inferior Frontal Gyrus
The idea that the encoding and retrieval of different types of materials engage different brain regions has its origins in the neuropsychological literature (e.g., Gazzaniga, Bogen, & Sperry, 1962; Gazzaniga & Smylie, 1983; Milner, 1971) . Patients with lesions in the left hemisphere tend to have difªculty processing verbal information, whereas those with lesions in the right hemisphere tend to have difªculty processing nonverbal information. Hemispheric asymmetries are found in normal subjects also: Verbal information is processed more efªciently when ºashed to the right hemiªeld (left hemisphere) than to the left hemiªeld; conversely, spatially coded information is processed more efªciently when presented to the left hemiªeld than to the right (Klatzky & Atkinson, 1971) .
Thus, different materials are thought to engage different types of codes, and the different codes are probably processed by brain areas that show different patterns of lateralization. Recent neuroimaging results have reªned this hypothesis by identifying speciªc brain regions that are sensitive to the verbal/nonverbal nature of the stimuli (Kelley, Miezin, et al., 1998; Kelley et al., 1999; Wagner, Poldrack, et al., 1998 ; but see Grady et al., 1995; Haxby et al., 1996) .
For example, Kelley, Miezin, et al. (1998) demonstrated that when people intentionally encoded words for a later memory task, a set of regions, including the posterior frontal cortex in the left inferior frontal gyrus (BA 6/44), were robustly active. When the subjects studied unfamiliar faces, however, activity in a similar region was right-lateralized. Further, when subjects encoded pictures of line-drawn objects, the inferior frontal cortex was active bilaterally. These researchers explained their results by appealing to the differences in verbal processing encouraged by the materials. That is, words tend to elicit verbal processing (and therefore left-lateralized activity); unfamiliar faces, which have no obvious verbal referents, tend to elicit nonverbal processing (and therefore right-lateralized activity); ªnally, line-drawn objects that can be named (e.g., a drawing of a frog) afford both nonverbal and verbal processing codes (and therefore lead to bilateral activation patterns). Wagner, Poldrack, et al. (1998) reported a similar pattern of results in that encoding and retrieval of words led to greater activity in the left inferior frontal gyrus than did texture patterns, and texture patterns elicited greater activation levels than did words in a homologous region on the right. Further evidence that verbal processing is the relevant dimension driving face/word differences comes from the ªnding that encoding of famous faces, which, like line-drawn objects, can be easily labeled verbally, produces bilateral activation (much like the line drawings, Kelley et al., 1999) .
In addition to demonstrating material speciªcity in inferior frontal regions, these studies have also suggested that the inferior frontal cortex plays an important role in memory encoding (for review see . For example, Kelley, Miezin, et al. (1998) examined activation in this region when subjects were instructed simply to look at the stimuli; these instructions led to poor performance on a later recognition memory test as well as diminished activity in the inferior frontal gyrus. Other neuroimaging studies have also contrasted tasks that facilitate subsequent retrieval with those that lead to poor subsequent retrieval and have noted similar modulation of frontal activity. For example, attending to the meaning of words (e.g., deciding whether a word is abstract or concrete) enhances later memory performance (the level-of-processing effect, Craik & Lockhart, 1972) and elicits greater activity in the left inferior frontal gyrus (Demb et al., 1995; Kapur et al., 1994 ) relative to performing surface-level processing of words (e.g., counting the number of vowels in a word). Perhaps the most compelling evidence thus far that the frontal cortex, speciªcally the region within the posterior portion of the inferior frontal gyrus, is linked strongly to encoding is that activation levels in this region have been shown to be predictive of whether or not an item is subsequently retrieved on a recognition memory test (Brewer, Zhao, Desmond, Glover, & Gabrieli, 1998; Wagner, Schacter, et al., 1998) . Moreover, this predictive power has been shown both for verbal materials (in the left inferior frontal gyrus, Wagner, Schacter, et al., 1998) and pictorial materials (in the right inferior frontal gyrus, Brewer et al.) .
A ªnal argument for the position that the inferior frontal gyrus contributes to encoding is grounded in dual coding theory (Paivio, 1971) , which posits that the reason pictures are typically better remembered than words (the picture superiority effect) is that pictures are coded both imaginally and verbally. As discussed above, pictures elicited bilateral activation in the inferior frontal gyrus, whereas words elicited left-lateralized activation in Kelley, Miezin, et al.'s (1998) study. Thus, it seems reasonable to argue that the source of later differences in retrieval success is mediated in part by bilateral activity in the inferior frontal gyrus during encoding.
However, it is also reasonable to expect that activation in the inferior frontal gyrus is not limited just to encoding. For recognition memory to be successful, subjects must perform many of the same cognitive operations that are engaged during encoding (e.g., visual deciphering of the stimulus and access to its meaning). That is, active, effortful processing may lead to activity in these regions across a wide range of task goals (e.g., encoding and retrieval), all of which can encourage code-speciªc representations of the information. The open question, then, is whether code-speciªc asymmetries in the inferior frontal gyrus generalize across task goals to retrieval. Speciªcally, we were interested in whether hemispheric asymmetries for different types of materials would be observed on a recognition memory test in which subjects were shown words and faces and asked whether or not they had previously studied the items. Our hypothesis was that retrieval would show laterality effects similar to those seen at encoding: Verbal processing would be left-lateralized, and nonverbal processing rightlateralized. However, predictions regarding the effects of mental set (encoding or retrieval) were much less decisive. On the basis of the neuroimaging literature showing the predictive power of activation in this region for later memory performance, it could be argued that we would observe a main effect of encoding over retrieval. On the basis of the logic presented above, however, it seemed equally plausible that we would see no set effects in this region. That is, active verbal or nonverbal processing, regardless of whether it involved an encoding or retrieval task, would elicit robust activation of the inferior frontal gyrus.
The current study was designed to pull apart these possibilities by using a two (materials: words, unfamiliar faces) by two (set: encoding, retrieval) within-subject factorial design. The encoding of words and unfamiliar faces were replications of conditions reported by Kelley, Miezin, et al. (1998) . Therefore, we expected to replicate their ªnding of a crossover interaction: Words would produce left-lateralized activation, whereas faces would produce right-lateralized activation. These laterality effects would presumably arise from the verbal/nonverbal processing demands afforded by the materials (and not the visual features of the materials themselves). The question was whether activations observed during retrieval would mimic those seen at encoding; we expected that they would. That is, recognition memory for words would elicit left-lateralized activation, whereas recognition memory for faces would elicit right-lateralized activation in inferior frontal gyrus.
Set Speciªcity: Frontal Polar Cortex
A right-lateralized region of the frontal polar cortex (at or near BA 10) has been shown to be active across a variety of episodic retrieval tasks (Andreasen et al., 1995; Buckner, Koutstaal, Schacter, Wagner, & Rosen, 1998b; Buckner et al., 1995 Buckner et al., , 1996 Buckner et al., , 1998a Fletcher et al., 1995; Haxby et al., 1996; Rugg, Fletcher, Frith, Frackowiak, & Dolan, 1996; Schacter, Alpert, Savage, Rauch, & Albert, 1996; Schacter, Buckner, Koutstaal, Dale, & Rosen, 1997; Squire et al., 1992; Tulving, Kapur, Craik, Markowitsch, & Houle, 1994 ; for reviews see Buckner, 1996; Cabeza & Nyberg, 1997) . This region has been argued by some to represent the "set" or goal of trying to retrieve past experiences (Buckner et al., 1998a; McDermott et al., in press; Nyberg, Cabeza, & Tulving, 1996; Tulving et al., 1994; , although the exact function of the region is still controversial (MacLeod, Buckner, Miezin, Petersen, & Raichle, 1998; Nolde, Johnson, & Raye, 1998; Rugg et al., 1996; Schacter et al., 1996) . It should be noted that Tulving and colleagues (see Nyberg et al., 1996; Tulving et al., 1994) proposed a broad heuristic with respect to the role of the frontal cortex in human memory: Encoding of information draws upon the left frontal cortex more than the right frontal cortex, whereas episodic retrieval draws upon the right frontal cortex (more than left). This description, called the Hemispheric Encoding/Retrieval Asymmetry (HERA) model, was initially applied to only verbal materials but was then extended to also apply to nonverbal materials (Nyberg et al., 1996) . Although the utility of this broad distinction is debatable, there is wide acceptance that there is at least one rightlateralized region (i.e., the frontal polar cortex) that seems to be engaged preferentially during retrieval, relative to encoding.
The goal of the present experiment with respect to the right frontal polar cortex was to explore whether this region would be sensitive to the encoding/retrieval variable (i.e., set) but insensitive to the type of codes elicited by the stimuli. That is, we expected to see a main effect of set (retrieval > encoding) but no main effect of (or interaction with) material type. The conjoint result of code-speciªc effects (as discussed above, for one region of the frontal cortex) along with set-speciªc effects (in a separate region of the frontal cortex) would provide a powerful functional dissociation and may help resolve the complex relation between frontal regions and processing operations engaged during human memory task performance.
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RESULTS AND DISCUSSION
Behavioral
Behavioral data for three subjects were lost due to equipment difªculties with the ªber-optic keypress. The eight remaining subjects showed reasonably good accuracy for both the faces and words; mean hit rates were 0.79 and 0.80 for faces and words and mean false alarm rates were 0.28 and 0.20 for faces and words, respectively. From these data, we can conclude that subjects showed good discrimination between old and new items in both conditions.
Functional Magnetic Resonance Imaging (fMRI)
Whole Brain Activations
Although the focus in the present study was on two speciªc regions of the frontal cortex, we note that there is a complex network of activity underlying performance of these tasks, and these networks are highlighted in Figure 1 . Panel 1 of this ªgure shows activity for all conditions (combined) across all 11 subjects. This panel represents the statistical image from which peak points of activation were identiªed. These activations reºect both the visual and motor components of the task as well as higher-level activations (e.g., the two regions targeted: the inferior frontal gyrus and frontal polar cortex as well as several bilateral parietal regions).
Inferior Frontal Gyrus
Figure 1 (panel 1, second slice) shows activation maps through the peak activation points (−43,5,28 and 45,1,32 for the left and right inferior frontal gyri, respectively). Figure 2 displays these data in terms of mean percentage of signal change for the four conditions. A 2 (hemisphere) × 2 (materials) × 2 (task) repeated-measures analysis of variance (ANOVA) on the magnitudes demonstrated a single main effect (for materials, faces > words, F(1, 10) = 29.5, p < 0.001) and several interactions: The interactions between hemisphere and material, F(1, 10) = 36.24, p < 0.0001, and between hemisphere and set, F(1, 10) = 9.71, p < 0.01, were signiªcant, as was the three-way interaction, F(1, 10) = 5.57, p < 0.04. This three-way interaction can be conceptualized by examin-ing the hemisphere by material interaction at the two levels of set. The interaction of hemisphere by material was reliable for both encoding, F(1, 10) = 38.35, p < 0.0001, and retrieval, F(1, 10) = 24.49, p < 0.001. An analysis of the simple effects demonstrated that for words, activation was greater on the left than the right for both encoding, t(10) = 4.80, p < 0.0004, and retrieval, t(10) = 2.02, p < 0.036. Conversely, for faces, activation was greater on the right than the left for both encoding, t(10) = 3.69, p < 0.002, and retrieval, t(10) = 3.63, p < 0.002. The three-way interaction can be understood as showing that the laterality effect for words was more pronounced at encoding than retrieval, whereas the laterality effect for faces was greater for retrieval than encoding. In summary, systematic laterality effects were obtained for both encoding and retrieval; words produced left-lateralized activations, whereas faces elicited right-lateralized activity. 
Right Frontal Polar Cortex
Panel 1 of Figure 1 (third slice) shows statistical activation maps for all conditions combined in the right frontal polar cortex (peak 39,55,2) . Figure 3 shows the magnitude of signal change shown for each of the four conditions for the reliable points within a 12-mm sphere around this region. The differences in encoding and retrieval can be seen, with mean magnitudes of 0.22 and 0.42 for encoding and retrieval, respectively. A 2 (set: encoding, retrieval) × 2 (material: faces, words) repeated measures ANOVA on the magnitudes demonstrated a single reliable effect: a main effect for set, F(1, 10) = 4.99, p < 0.05. Thus, as predicted, retrieval activated the right frontal polar cortex more than did encoding. Although no interaction with material type was present, we performed planned comparisons between encoding and retrieval for both words, t < 1, and faces, t(10) = 3.02, p < 0.006. Although the effect for words was not reliable, the numerical direction of the effect was in the predicted direction (M = 0.27 encoding, 0.34 retrieval), and this effect has been reported numerous times in the literature (see Buckner, 1996 and Nyberg, 1997 for reviews); we therefore endorse the conclusion that the frontal polar cortex is more active for retrieval than encoding for both words and faces.
Whole-Brain Differences in Face and Word Processing: Exploratory Analyses
Panels 2 and 3 of Figure 1 show regions preferentially active for words (blue-to-green color scale) and faces (red-to-yellow color scale). These panels demonstrate that although the predicted code-speciªc effects occurred in the inferior frontal gyrus, these effects are not localized to the region of interest in the current study. For current purposes, the two panels, representing encoding and retrieval, can be viewed as independent replications of each other in that the overall network of activity underlying encoding and retrieval were highly similar, although subtle differences can be seen. Verbal processing activated the left inferior frontal gyrus to a greater extent than did faces, but it also preferentially activated a network of left-lateralized regions; these regions include the left superior frontal, a left lateral parietal region, the left temporal cortex, and the left ventral frontal cortex. Conversely, the processing elicited by the unfamiliar faces activated the right inferior frontal gyrus to a greater extent than words, but it also preferentially activated other right-lateralized regions. In addition, bilateral visual cortical regions and the fusiform gyrus were more active during face processing than word processing. The parietal cortex tentatively appears to have multiple medial and lateral regions that behave differently from one another. Full understanding of these additional regions will have to await future studies.
GENERAL DISCUSSION
We have shown that two distinct regions of the frontal cortex contribute in different but systematic ways to episodic memory tasks. The inferior frontal gyrus demonstrated code-speciªc effects. The right frontal polar cortex demonstrated set-speciªc effects. These ªndings are consistent with the prior literature; moreover, they advance our understanding of the role of the frontal cortex in human memory function in several ways. First, they show that the hemispheric laterality effects with respect to verbal/nonverbal stimuli are not restricted to encoding but extend to retrieval as well. That is, processing of verbal and nonverbal information, regardless of whether an episodic encoding or retrieval task is performed, yields systematic asymmetries in the inferior frontal gyrus. Second, the functional dissociation of two regions of the frontal cortex (the bilateral inferior frontal gyrus and right frontal polar cortex) with respect to memory provides an empirical demonstration of the point that different regions of the frontal cortex play different yet systematic roles in human memory processing (see Buckner, 1996; Petrides, Alivisatos, & Evans, 1995 , for discussion of this point). Third, exploratory analyses demonstrated that laterality effects for verbal/nonverbal information are not restricted to the regions of interest in this report but extend to other regions of cortex as well.
The extension of the verbal/nonverbal asymmetries from encoding to retrieval is a natural one in light of the memory literature at large. Episodic encoding, semantic retrieval, and episodic retrieval are intricately intertwined: Encoding of information can involve both semantic and episodic retrieval; likewise, episodic retrieval typically involves semantic retrieval and often leads to encoding of information (Tulving, 1983) . In this light, it is not surprising that activation patterns are generally similar across the tasks.
With the present results in mind, one could still argue that the inferior frontal gyrus region activated in the present study plays a special role in encoding; however, we feel that this perspective may be missing a deeper point. As noted, episodic encoding, semantic retrieval, and episodic retrieval all activate the inferior frontal gyrus and share similar processing demands related to elaboration of verbal materials (in the instance of left inferior frontal gyrus activation) or nonverbal materials (in the instance of right inferior frontal gyrus activation). The elaborative processing invoked by these tasks can result in encoding. By this view, certain regions within the inferior frontal gyrus are relevant to the code-speciªc processing of information, which may also begin a cascade of events that sends information to other brain regions and eventually leads to the formation of a memory trace . Retrieval tasks may give rise to this activation because they demand elaboration upon code-speciªc information; an end product of this processing may be incidental encoding. Indeed, there is a large literature demonstrating the facilitating effects of an initial retrieval test upon subsequent retrieval of an event (see Glover, 1989 , for a review). Nevertheless, the inferior frontal gyrus does participate robustly in retrieval tasks and shows laterality effects during retrieval similar to those seen at encoding, as shown in the present study and by Wagner, Poldrack, et al. (1998) .
The implications for HERA of the recent hemispheric asymmetries for verbal and nonverbal information have been debated Nyberg, Cabeza, & Tulving, 1998; . Kelley, Miezin, et al. (1998) pointed out that a strong version of HERA as extended to nonverbal materials would not have predicted right-lateralized activity in the frontal cortex during face encoding. The present dataset replicates this pattern and demonstrates a further complication (i.e., left-lateralized activation during retrieval of words).
The ªndings with respect to the frontal polar cortex, however, are consistent with the HERA postulates. That is, the mental set invoked when performing a retrieval task activates the right frontal polar cortex rather ubiquitously (see Buckner, 1996 , for a review), and whether people are successful or not during this retrieval attempt does not always seem to drive activation here (see Buckner et al., 1998a; Kapur et al., 1995; Nyberg et al., 1995; ; but see Rugg et al., 1996 , for an alternative interpretation). This dataset complements those in the literature by providing a withinsubjects demonstration that the set-speciªc pattern seen in the frontal polar cortex is dissociable from another memory-related region in the frontal cortex.
Exploratory analyses further showed that for regions in which lateralized activity was observed, words produced predominantly left-lateralized activation, whereas the unfamiliar faces led to predominantly right-lateralized activation. Thus, the asymmetries focused on with respect to the inferior frontal gyrus may extend to other regions. Therefore, although the inferior frontal gyrus tends to show a speciªc pattern of laterality effects, it does not seem to be the sole region demonstrating such effects. We have targeted the inferior frontal gyrus in this study, but a full understanding of laterality effects will come only after the entire network has been more fully explored.
Similarly, the full story with respect to the codes underlying the asymmetries occurring in the inferior frontal gyrus has not yet been worked out. We have chosen to adopt the verbal/nonverbal heuristic here because that description has been common in the neuropsychological literature and seems to capture the current ªndings and predict other ªndings (e.g., with respect to unfamiliar and famous faces) reasonably well. However, this description will surely be shown to be incomplete, for several reasons. First, verbal and nonverbal processing are not represented by a single continuum: Variables can selectively increase verbal processing (and activation in left inferior frontal gyrus) without decreasing the level of nonverbal processing . Second, there are many aspects to "verbal" processing (e.g., phonological, lexical, semantic, associative), and precisely which of these component processes contribute to activations in this region has not been fully described. There is evidence for the importance of semantics (Wagner, Schacter, et al., 1998) but also evidence that phonological codes are important (Awh et al., 1996) . Even more problematic is the "nonverbal" category, which at this point is something of a leftover label. There has been some speculation in the lesion literature about the speciªc types of processing involved here (see Sergent, 1983 ), but, again, a precise characterization has not yet emerged. Nevertheless, the distinction has been useful at a broad level in making predictions about levels of activation in the inferior frontal cortex.
One ªnal caveat is that we have discussed the right frontal polar cortex as a retrieval region. This characterization is accurate in that the region does tend to be more active during episodic retrieval than encoding across both verbal and nonverbal materials (Cabeza & Nyberg, 1997) . However, this region may not be exclusively a "retrieval" region; activation of this region has been seen in working memory tasks, as well (see MacLeod et al., 1998 , for an overview). It remains to be seen whether there are common features of these tasks that lead to similar activation patterns in the frontal polar cortex.
In summary, we have used a within-subjects design to demonstrate a dissociation between two distinct regions of the frontal cortex with respect to their roles in human memory function. The inferior frontal gyrus is invoked during encoding and retrieval of verbal and nonverbal information. Moreover, activation in this region is left-lateralized for verbal processing and is right-lateralized for nonverbal processing. A second region (the right frontal polar cortex) seems to be invoked preferentially during episodic retrieval. These results are consistent with our understanding of the role of the frontal cortex in human memory and also advance that understanding by projecting a broader picture than was previously available.
METHOD Subjects
Twelve subjects (six males, six females, mean age 22.6, range 18 to 30 years) were recruited from the Washington University community in return for payment. All were right-handed, native speakers of English, had normal or corrected-to-normal vision, and reported no history of signiªcant neurological problems. Subjects provided informed consent in accordance with the guidelines set by the Washington University Human Studies Committee.
Design and Materials
A 2 (set: encoding, retrieval) × 2 (materials: faces, words) within-subjects design was used. Words (N = 192) were the names of concrete objects; they were drawn from the Snodgrass and Vanderwart (1980) norms. Faces (N = 192, one-half male, one-half female) were color pictures of nonfamous, unfamiliar people cut from magazines and digitized.
Counterbalancing for each stimulus type was achieved by dividing 192 items into three sets (of 64 items); each set occurred in each condition (studied, nonstudied but tested, or neither studied nor tested) an equal number of times across subjects.
Procedure
Scans were conducted on a Siemens 1.5 Tesla Vision System (Erlangen, Germany) with a standard circularly polarized head coil. A Power Macintosh computer (Ap-ple, Cupertino, CA) and Psyscope software (Cohen, MacWhinney, Flatt, & Provost, 1993) displayed the visual stimuli. Subjects responded during the retrieval tests by pushing one of two keys on a ªber-optic light-sensitive keypress connected to a Psyscope Button Box (Carnegie Mellon University, Pittsburgh, PA). An LCD projector (Sharp, model XGE850) projected stimuli onto a screen placed at the head of the bore. Subjects viewed the screen via a mirror fastened to the head coil. A pillow and thermoplastic face mask were used to minimize head movement. Headphones dampened scanner noise and enabled communication with subjects.
Structural images were acquired using the MPRAGE sequence with 2-mm isotropic voxels. Functional images were collected with an asymmetric spin-echo-planar sequence sensitive to blood oxygenation level-dependent (BOLD) contrast (TR = 2.68-sec, 3.75-× 3.75-mm in-plane resolution). In each functional run, 102 sets of 16 contiguous, 8-mm-thick axial images were acquired parallel to the anterior-posterior commissure plane; this procedure offered whole-brain coverage at a high signal-tonoise ratio (Conturo et al., 1996) . Each run lasted approximately 4 1/2 min (2.68 sec per whole-brain acquisition, with 102 such acquisitions per run). There were approximately 3 min between runs, during which time subjects were permitted to rest.
Each subject participated in two encoding runs (one containing words and the other faces), followed by two recognition runs (one run corresponding to the previously studied words and the other to faces); they then cycled through the same sequence (two encoding runs, two recognition runs) with different stimuli and a different order (i.e., faces were studied ªrst if words had been studied ªrst in the previous cycle). Thus, each subject participated in eight runs, divided equally among the four conditions. A blocked design was used for both encoding and retrieval runs. There were seven blocks per run; four of the blocks were "task" blocks (during which subjects encoded or retrieved faces or words), and three of the blocks were "ªxation" blocks (during which subjects looked at a ªxation point and remained as still as possible). Task and ªxation blocks alternated. Task blocks lasted 42.88 sec (2-sec stimulus duration, 680-msec interstimulus interval, 16 stimuli per block). Each (2680 msec) trial began at the onset of the TR (or repetition time, the time required for one whole-brain scan). Therefore, one task trial occurred during each TR. Each ªxation block lasted 10 TRs, or 26.8 sec.
Although a blocked design was used, trials in the recognition runs occurred in a ªxed random order. That is, half of the items tested had been studied previously, and half had not, but the ordering of old/new trials within each run was unpredictable.
During the encoding phase, subjects were instructed to pay close attention to the stimuli (words or faces) and to remember as many as possible for a later recognition memory test; these instructions were adopted because they gave rise to robust laterality effects in Kelley, Miezin, et al.,'s (1998) study, although studies by Brewer et al. (1998) and Wagner, Schacter, et al. (1998) suggest that these hemispheric asymmetries generalize across a variety of encoding instructions and across intentional/incidental encoding. During the test phase, subjects were given identical presentation parameters but had to respond to each item to indicate whether it had been previously studied or not. We built this difference into the design to maximize our chances of obtaining both inferior frontal activation (which has typically occurred under no-response conditions) and frontal polar activation (which has typically occurred under response conditions, due to the nature of retrieval tests). During the retrieval test, subjects were instructed to respond while the stimulus was on the screen. Subjects were told that during the ªxation phase they should look at the ªxation point while remaining still.
Data Analysis
Data for each subject were subjected to the processing stream developed at Washington University, which includes movement-correction within and across runs using an automated procedure (Snyder, 1996) and whole brain normalization to a common mode of 1000 to allow for comparisons across subjects (see Ojemann et al., 1997 , for an overview).
The data were analyzed using an implementation of the general linear model. First we identiªed regions active in separate condition types (e.g., encoding words relative to ªxation). Speciªcally, we cross-correlated the time course of the BOLD response to each condition at each voxel. The resulting magnitudes were then used to compute z statistics to determine if they differed reliably from 0.00 (Friston, Jezzard, & Turner, 1994; Worsley & Friston, 1995) . In addition, comparisons between conditions were computed by assigning appropriate weights to each condition. This approach allowed for direct comparisons to determine regions differentially active in one condition relative to another (e.g., faces to words).
The resulting statistical images were warped into standardized atlas space (Talairach & Tournoux, 1988) and averaged across subjects. Unbiased peak regions of interest were obtained by creating an average statistical image of all four conditions (encoding of words, encoding of faces, retrieval of words, retrieval of faces). The resulting composite image was then corrected for multiple comparisons (Ollinger, 1997 ) such that p < 0.05, where p refers to the probability of a single erroneous activation in the image volume. The correction method uses a region-size-dependent threshold to guarantee that the experiment-wide Type I error is <0.05. An automated peak-search algorithm (Mintun, Fox, & Raichle, 1989) identiªed the location (in atlas coordinates) of peak activations on the basis of level of statistical signiªcance and cluster size. After identiªcation of the peaks for bilateral posterior inferior frontal gyrus and right anterior frontal regions, mean magnitudes (in percent change) for each subject for all signiªcant voxels (as deªned on the group average image) within a 12-mm radius of the peak points were obtained.
2
ANOVA was used to reliably identify differences in the two regions of interest. For posterior inferior frontal regions, a 2 (hemisphere: left, right) × 2 (task: encoding, retrieval) × 2 (materials: faces, words) ANOVA was computed. For the right frontal polar region, a 2 (task: encoding, retrieval) × 2 (materials: faces, words) ANOVA was computed.
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Notes
1. Our interest in this study centered on two speciªc regions in the frontal cortex because the recent literature has suggested that these two regions play important roles in human memory processing. However, we do not mean to imply that code-or set-speciªc activity occurs in these regions exclusively; similar patterns may be uncovered in other regions (in the frontal cortex or elsewhere). However, the two regions of interest in the present study were chosen because they seemed on the basis of the literature to be likely candidates to demonstrate functional dissociations. 2. At this stage, data for 1 of the 12 subjects were discarded because the magnitudes for this subject were extreme outliers in all four conditions. Peak points were then redeªned (on the basis of 11 subjects only), and all subsequent analyses are based upon 11 subjects.
